Journal of Molecular Diagnostics, Vol. 9, No. 3, July 2007
Copyright © American Society for Investigative Pathology
and the Association for Molecular Pathology

DOI: 10.2353/jmoldx.2007.060163

A Comparative Study of Five Technologically Diverse

CFTR Testing Platforms

Monique A. Johnson, Marvin J. Yoshitomi, and
C. Sue Richards

From the Department of Molecular and Medical Genetics,
Molecular Diagnostic Center, Oregon Health and Science
University, Portland, Oregon

Multiple cystic fibrosis (CF) testing platforms, using
diverse and rapidly evolving technologies, are avail-
able to clinical laboratories commercially or for eval-
uation. Considerations when choosing a CF platform
may include: sensitivity, specificity, accuracy, signal
discrimination, ability to genotype, ability to reflex
test, no calls/repeat rate, composition of mutation
panel, hands-on time, start-to-finish time, integration
into laboratory workflow, data analysis methods,
flexibility regarding custom test design, and required
instrumentation. Mindful of these considerations, we
evaluated five technologically diverse CF platforms: 1)
eSensor, an electronic detection assay system; 2) In-
Plex, a signal amplification methodology using a mi-
crofluidics card; 3) oligonucleotide ligation assay, an
electrophoretic-based separation of amplicon-derived
ligation-generated products; and two liquid bead ar-
rays; 4) Signature, a direct hybridization assay using
allele-specific capture probes; and 5) Tag-It, an assay
using allele-specific primer extension and a universal
microarray. A core of 150 samples, focusing on mu-
tations in the American College of Medical Genetics/
American College of Obstetricians and Gynecologists
mutation panel, was tested throughout several runs
for each platform. All of the platforms performed
comparably in respect to sensitivity, specificity, and
no-call rate. As our results indicate, consideration of
all of the parameters evaluated may be useful when
selecting the most appropriate platform for the spe-
cific setting. (J Mol Diagn 2007, 9:401-407: DOI:
10.2353/jmoldx.2007.060163)

Cystic fibrosis (CF), caused by mutations in the cystic
fibrosis transmembrane conductance regulator gene
(CFTR), is one of the most common autosomal recessive
diseases in the North American Caucasian population
with an incidence of 1 in 2500 to 3300 live births.”"* The
carrier frequency in non-Hispanic Caucasians is ~1in 25
to 30, in individuals of Ashkenazi Jewish descent 1 in 29,
in Hispanics 1 in 46, in Africans 1 in 65, and in Asians 1
in 90.57 In 2001, the American College of Medical Ge-

netics (ACMG) and the American College of Obstetri-
cians and Gynecologists (ACOG) recommended that CF
carrier screening be offered to reproductive couples.®
Of the 1300 CFTR sequence variants identified (http://
www.genet.sickkids.on.ca), a screening panel of 25 CFTR
mutations was initially selected based on inclusion crite-
rion of mutations having a threshold of 0.1% frequency in
the general US population.® In addition, they recom-
mended reflex testing for R117H of the 5/7/9T polymor-
phic alleles in intron 8, as well as reflex testing for indi-
viduals homozygous for AF508, ie, testing for interference
from benign variants 1506V, 1507V, and F508C. This panel
was modified in 2004 and currently includes 23 CFTR
mutations as well as the R117H and AF508 reflex tests.”
Using this panel, the resulting carrier detection rate, for
Ashkenazi Jews, Northern European Caucasians, His-
panics, African Americans, and Asians is 94 to 97%,
90%, 72%, 64 to 69%, and 49%, respectively.®~® Fre-
quency and ethnic distribution of additional CFTR muta-
tions in the US population, with prevalence of <0.1%, that
may be of interest to clinical laboratories are described
by Heim and colleagues.®

The ACMG and ACOG recommendations prompted an
increase in CF testing and concomitant stimulation of
development of multiple CF testing reagents and sys-
tems. In addition, as of 2004, eight states were using
newborn screening programs in which DNA analysis to
detect specific CFTR mutation followed an elevated im-
munoreactive trypsinogen test.’® The CF testing options
available to clinical laboratories commercially or for eval-
uation are as diverse as the rapidly evolving technologies
used to create them. In 2003, Tomaiuolo and col-
leagues'! evaluated (accuracy, time, cost) the following
four procedures for molecular diagnosis of CF: allele-
specific oligonucleotide dot-blot (homebrew), reverse
dot-blot (Innogenetics, Gent, Belgium), amplification re-
fractory mutation system (ARMS) (Zeneca Diagnostics,
Oxfordshire, UK), and oligonucleotide ligation assay
(OLA)-polymerase chain reaction (PCR) (PE Applied Bio-
systems, Foster City, CA). Recently, a time-motion anal-
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ysis of six commercially available CF testing platforms
was performed by Krafft and Lichy on CF v3 OLA analyte-
specific reagent (ASR) (Abbott Laboratories/Celera Diag-
nostics, Abbott Park, IL), INNO-LIPA CFTR 35 (Innoge-
netics: INNO-LiPA), CF Gold 1.0 (Roche, Indianapolis,
IN), Tag-It CF 40 + 4 (Tm Biosciences, Toronto, ON,
Canada), CF eMAP/Bead Chip (BioArray Solutions, War-
ren, NJ), and Invader (Third Wave Technology, Madison,
WI)."2 Several platforms have been evaluated individually
as well: Tag-It CF 40 + 4 (Tm Biosciences) by Amos and
colleagues'®; Signature (Asuragen, Austin, TX) by Hadd
and colleagues': CF eMAP/BeadChip (BioArray Solu-
tions) by Edelmann and colleagues'®; and CF APEX DNA
microarray chip by Schrijver and colleagues.’® The
bases of many of the CFTR testing technologies have
been reviewed as well.'7~°

Here, we report a comparative study of five technolog-
ically diverse CFTR testing platforms: 1) eSensor CF car-
rier detection system (Osmetech Molecular Diagnostics,
Pasadena, CA); 2) CFTR InPlex ASR (Third Wave Tech-
nology); 3) CF v3 OLA ASR (Abbott Laboratories/Celera
Diagnostics); 4) Signature CF 2.0 ASR (Asuragen); and 5)
Tag-It mutation detection kit for CFTR 40 + 4 (currently
known as Tag-lt cystic fibrosis kit) (Tm Biosciences).
Parameters evaluated include sensitivity, specificity, ac-
curacy, ability to genotype, ability to reflex test according
to ACMG recommendations, no calls/repeat rate, muta-
tion panel content, hands-on time, start-to-finish time,
laboratory work flow, input DNA range, data analysis
methods, custom test design options, and required in-
strumentation. The resulting data demonstrate the diver-
sity among the platforms and underline the need to eval-
uate the specific requirements and resources of a testing
center in an effort to select the most appropriate CF
platform.

Materials and Methods
CF Systems: Technologies

Working protocols were developed according to manu-
facturers’ instructions, and all genotype results were de-
termined by autocalls, using the manufacturers’ software.
An overview of the workflow of each of the five platforms
described below is shown in Figure 1, A-E.

The eSensor cystic fibrosis carrier detection system
(Osmetech Molecular Diagnostics) uses multiplex PCR
products to hybridize to captured probes bound to an
array of electrodes on specialized printed circuit boards
clad in plastic chambers. Signal probes containing elec-
trochemically-active ferrocene derivatives specifically
bind to amplicons, and the capture probe-amplicon-sig-
nal probe complexes are detected by alternating current
voltammetry using the eSensor instrument.

The CFTR InPlex ASR (Third Wave Technology) uses
Third Wave Invader DNA chemistry using cleavase en-
zymes to recognize and cleave specific structures
formed by the addition, in tandem, of two oligonucleo-
tides to a nucleic acid target (multiplex PCR amplicons).
Likewise, in a secondary reaction, a detectable fluores-

eSensor® Workflow
Extracted DNA
Multiplex PCR
Generation of single-stranded DNA using Lambda Exonuclease
Load cartridges
Hybridization of sample DNA to capture probes bound to an array of electrodes

Capture probe-amplicon-signal probe detected by alternating current voltammetry

InPlex™ Workflow
Extracted DNA
Limited cycles multiplex PCR
Invader reTtion set-up
Load InPlex cards
Incubar cards

Detect signal using a fluorescent plate reader

OLA Workflow
Extracted DNA
Multiplex PCR
Multiplex Oligonucleotide Ligation Assay
Electrophoretic separation

Detect signal using a sequencer capable of multi-fluorescent detection

Signature® Workflow
Extracted DNA
Multiplex PCR
Hybridization of PCR products to allile-speciﬁc capture probes conjugated to beads

Detect signal using flow cytometry simultaneous with bead identification

Tag-It™ Workflow
Extracted DNA
Multiplex PCR
Multiplex allele-specific primer extension (ASPE)
Hybridization of ASPE prodrcts to anti-tags conjugated to beads

Detect signal using flow cytometry simultaneous with bead identification

Figure 1. Workflow overviews of each of the five platforms evaluated.

cent signal is generated via fluorescence resonance en-
ergy transfer. Both reactions take place in a microfluidics
card containing dried Invader oligos/FRET cassettes.
Signal is detected using a fluorometer.

The CF v3.0 OLA (oligonucleotide ligation assay) ASR
(Abbott Laboratories/Celera Diagnostics) is based on hy-
bridization of an exact-match PCR primer to the target



Comparison of Diverse CFTR Testing Platforms 403
JMD July 2007, Vol. 9, No. 3

Table 1. Genotypes of DNA Samples Tested on Each Platform
Mutation/s Mutation/s Mutation/s
AF508 N1303K G85E/AF508
AF508/AF508 N1303K/AF508
AF508/N1303K R334W
AF508/1717 — 1G>A R553X
AF508/2789 + 5G>A R553X/G551D R347P/AF508
AF508/R1162X
AF508/G85E 621 + 1G>T 711 + 1G>T/AF508
AF508/711 + 1G>T 621 + 1G>T/W1282X
AF508/G551D 1898 + 1G>A/R117H
AF508/R117H 621 + 1G>T/G542X
AF508/R347P 621 + 1G>T/3120 + 1G>A 3849 + 10kbC>T
AF508/G542X
R117H 2789 + 5G>A
Al507 R117H/AF508 2789 + 5G>A/AF508
R117H/1898 + 1G>A
G542X 3659delC
G542X/G542X 1717 — 1G>A
Gh42X/621 + 1G>T 1717 — 1G>A/AF508 1148T
G542X/AF508
G551D A455E/AF508 3120 + 1G>A/621 + 1G>T
G551D/AF508 R560T Normal (100 archived samples)
G551D/R553X
W1282X R1162X
W1282X/621 + 1G>T R1162X/AF508

sequence. Two oligonucleotide probes, one specific to
the genotype and one common, then hybridize to the
resulting amplicon. Because the genotype-specific
probe carries a mobility-modifying 5’ tail, and the com-
mon probe contains a fluorescent dye marker, the result-
ing ligation products can then be separated electro-
phoretically. Signal is detected using an ABI Prism 3100/
3130 genetic analyzer.

The Signature CF 2.0 ASR (Asuragen) technology is
based on a multiplex PCR using biotin-modified PCR
primers and allele-specific capture probes directly con-
jugated to coded beads on the Luminex 100xMAP plat-
form.

The Tag-It Mutation Detection Kit for CFTR 40 + 4,
currently known as Tag-It Cystic Fibrosis Kit, (Tm Bio-
sciences) incorporates multiplex PCR followed by multi-
plex allele-specific primer extension with Tm'’s proprietary
Universal Tag sorting system on the Luminex 100xMAP
platform.

Reagents

Reagents and required instrumentation, not currently
used in our laboratory, were generously provided by the
manufacturers for evaluation.

DNA Samples and DNA Amplification

Seven independent amplifications and runs were per-
formed to challenge each platform with the same core set
of 150 DNA samples (Table 1) allowing for comparison of
study parameters discussed below. This core set repre-
sented the ACMG/ACOG 23 and normal samples. All of
the ACMG/ACOG recommended panel of 23 CFTR mu-
tations are represented except 2184delA. The samples

included coded anonymized patient samples, CAP sam-
ples, and Coriell samples. Patient sample DNA was iso-
lated using either MagNa Pure LC DNA isolation kit 1
(Roche) or the Gentra Generation capture column kit
(Gentra Systems, Minneapolis, MN). In addition to the
core set of samples, DNA from eight additional split pa-
tient samples was isolated using both MagNa Pure LC
DNA Isolation Kit 1 and Gentra Generation capture col-
umn kit for direct comparison of utility of these isolation
methods on each panel. For all assays, DNA amplifica-
tion steps were performed on a PTC-200 DNA engine
thermal cycler (MJ Research/Bio-Rad, Hercules, CA).

Study Parameters

We evaluated each platform with respect to sensitivity,
specificity, accuracy, signal discrimination, ability to ge-
notype, ability to reflex test according to ACMG recom-
mendations, no calls/repeat rate, number of and specific
mutations (relating to ethnicity) in the available panels,
hands-on time, start-to-finish time, laboratory work flow
(including DNA extraction methods), data analysis meth-
ods, availability of additional tests, flexibility in respect to
custom test design, and required instrumentation.

Results
Table 2 summarizes our evaluation of the five platforms.
Specificity, Sensitivity, and No-Call Rate

All platforms evaluated demonstrated excellent specific-
ity and sensitivity (100% concordance) and acceptable
no call rates (all =0.7%). The following platforms were
able to resolve a G551D/R553D compound heterozygote:
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Table 2. Summary of Platform Evaluation
eSensor InPlex OLA Signature Tag-It
% Concordance 100 100 100 100 100*
% No calls 0.7 0.7 0.7 0.7 0.0*
Signal to noise ratio NAT NAT NAT 10:1+ 20:1 to 100:1*
Mutations® Total: 23 Total: 42 Total: 32 Total: 23 Total: 40
ACMG/ACOG 23 ACMG/ACOG ACMG/ACOG ACMG/ACOG 23 ACMG/ACOG
23 and V520F, 23 and V520F, 23 and V520F,
3876delA, 3876delA, 3876delA,
394delTT, 394delTT, 394delTT,
R347H, 1148T, R347H, 1148T, R347H, 1148T,
1078delT, 1078delT, 1078delT,
3905insT, S549N, 3905insT, S549N/R 3905insT, S549N,
Y122X, Y1092X Y122X,
S549R(T>G), S549R(T>@),
2183AA>G, 2183AA>G,
S549R(A>C), Y1092X,
D1152H, 3849 + 2307insA, A559T,
4A>G,E60X, 1898 + 5G>T,
Q493X, D1270N, M1101K, S1255X
Y1092X(C>G)
Reflex tests: are poly-T Masked" Masked Separately Separately Masked
reflex tests masked or
run separately?
Does the assay detect NA NA** Yes Yes Yes
interfering benign
variants (1506V,
1507V, F508C) in the
case of unexpected
AF508 homozygosity?
Input DNA range (ng)'™* 10 to 600 25 to 350 1to 15 10 to 1000 2 to 200
Extraction methods MP,G MP,G MP,G MP,G MP,G
used*+*
Start to finish time 6to7 35t04 6to7 5106 6.5t08
(hours)S$
Hands-on time (hours)S$ 25 <1 15 1 15t025
Number of sample 3 2 2 4
transfers
Ease of protocol™? 2 1 2 2 3
Open platforml No No Yes Yes Yes
Required eSensor 4800 GeNios or ABI Prism 3100/ Luminex Luminex
instrumentation GeniosFL 3130 genetic 100xMAP 100xMAP
specific to assay fluorometer, analyzer system system
card bucket
and clips, card
sealer
IVD or ASR IVD*** ASR ASR ASR VD

NA, not applicable; ACMG, American College of Medical Genetics; ACOG, American College of Obstetrician and Gynecologists; MP, MagNa Pure
LC DNA isolation kit 1; G, Gentra Generation capture column kit; IVD, In Vitro Diagnostic; ASR, analyte-specific reagent.

*Data reported here were generated by a Tm Bioscience technician performing the assay in our laboratory. Modifications to the research use-only
protocol (RUO) were made by the Tm technician. The RUO was the only available protocol at the time this study was performed. These modifications
were made in an effort to minimize the previously high no-call rate and shorten the start-to-finish time and hands-on time. The modifications are as
follows: 1) Exo-Sap denaturation was run 30 seconds instead of 15 minutes; 2) multiplex ASPE annealing was performed at 56°C instead of 52°C; 3)
ASPE extension was run for 30 seconds instead of 1 minute; and 4) bead hybridization at 37°C was run 30 minutes instead of 1 hour.

TThe concepts of signal and noise do not apply to these assays.

*Signal to noise ratio was calculated as follows: for Tag-It, signal is the median fluorescence intensity (MFI) generated by an allele in the sample
and noise is the MFI generated by allele in the no template control; for Signature, signal is the allele ratio (mutant signal/mutant signal + wild-type
signal) and noise is the standard deviation of the allele ratio.

SThe following platforms were able to resolve a G551D/R553X compound heterozygote: InPlex, Taglt, Signature, and eSensor. The study evaluated
only the ACMG/ACOG panel of 23 mutations (2184delA was not represented). Mutations in italics are unique to that IVD/ASR.

fSoftware for unmasking reflex test results was not available at time of evaluation; poly-T reflex test results were not evaluated.

IThe polymorphisms do not interfere with panel mutation genotyping in the eSensor method (information provided by the manufacturer). We did not
test this aspect of the platform.

**Because of the Invader chemistry, ie, the specificity with which the cleavage products are produced, the 1506V and 1507V polymorphisms do not
interfere with genotyping (information provided by the manufacturer). We did not test this aspect of the platform. The F508C variant is assayed during
the initial run with results masked.

TInformation provided by manufacturer.

#MagNa Pure LC DNA isolation kit 1- and Gentra Generation capture column kit-extracted samples were tested on each platform. No other
extraction methods were tested.

$8Time determined was averaged throughout several runs for 24 samples/run, excluding DNA extraction. Time calculations were based on use of a
PTC-200 DNA engine thermal cycler (MJ Research/Bio-Rad). Tag-It start to finish time reflects protocol modifications indicated in *, ie, ASPE extension
was run for 30 seconds instead of 1 minute; bead hybridization at 37°C was run 30 minutes instead of 1 hour.

MAs determined by our laboratory based on number of steps in the protocol, tolerances within those steps, and number of sample transfers.

liFacilitates custom test development.

***eSensor is FDA-cleared for carrier testing.



InPlex, Tag-It, Signature, and eSensor. Note that because
all platforms were challenged with the same set of 150
DNA samples, only normal samples and samples with
genotypes representing the ACMG/ACOG panel of 23
were tested; eSensor and Signature test only the ACMG/
ACOG panel of 23.

Reflex Tests

Both the OLA and Signature platforms require poly-T
reflex tests to be run separately, whereas the InPlex,
Tag-It, and eSensor platforms allow the poly-T reflex test
to be run concurrently with other mutations and are
masked until user chooses to unmask that data. As to the
detection, via reflex testing, of AF508 interfering benign
polymorphic variants (1506V, 1507V, and F508C), Tag-It,
Signature, and OLA require a separate run, whereas
eSensor does not require reflex testing for these variants,
and InPlex does not require reflex testing for 1506V and
1507V because, according to the manufacturers, these
polymorphisms do not interfere with the hybridization of
the wild-type probe on these platforms. We did not test
this aspect of either assay. The InPlex probe set does
include probes for the identification of F508C and are
part of the initial run. The F508C result is masked in the
absence of AF508.

Time Considerations

The start-to-finish time and hands-on time are in respect
to processing of 24 samples (excluding DNA extrac-
tion). We found InPlex to require the least time in both
categories. Here, the reported times are based on
use of a PTC-200 DNA engine thermal cycler (MJ
Research/Bio-Rad).

Input DNA

All platforms tested performed equally well using either
MagNa Pure LC DNA Isolation Kit 1 or Gentra Generation
capture column kit for DNA isolation from whole blood.
The DNA input range, as stated by the manufacturer, is
quite broad with the exception of the OLA platform. None
of the platforms required DNA quantitation, ie, expected
yields as described by the manufacturers of the DNA
isolation kits were sufficient to use as estimates of DNA
concentration.

Ease of Protocol

We determined ease of protocol based on number of
steps, tolerances within those steps, and number of sam-
ple transfers. We found the InPlex platform to be of great-
est ease, Tag-It to be the most complex, and the remain-
ing three platforms falling in between these.

Signal:Noise Ratio

The signal:noise ratio was not calculable for three of the
panels, and therefore this factor was unfortunately not
comparable among all platforms.
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Required Instrumentation Specific to the Assay

All of the platforms require specialized instrumentation.
With the exception of the eSensor, additional tests can be
run using the same instrumentation. In addition, three
platforms, Tag-It, Signature, and OLA. are considered to
be open platforms, ie, enable development of custom
tests.

Mutation Panel

All of the panels test, at a minimum, the ACMG/ACOG-
recommended panel of 23 CFTR mutations. Of the panels
evaluated, InPlex tests for the greatest number of muta-
tions. After the completion of this study, Tm Bioscience
introduced a CFTR 70 + 6 ASR; however, this method
was not analyzed in this study.

Discussion

All five platforms evaluated demonstrated excellent spec-
ificity and sensitivity as well as acceptable no call rates
(Table 2). The ACMG/ACOG panel of 23 mutations (ex-
cluding 2184delA) was successfully detected by all plat-
forms (Table 1). Three platforms, InPlex, OLA, and Tag-lt,
include mutations in addition to the ACMG/ACOG panel
of 23. All of the additional mutations in the OLA panel are
contained in the InPlex and Tag-It panels, whereas InPlex
and Tag-It contain additional common mutations beyond
the OLA panel as well as unique mutations (Table 2).
After completion of this study, Tm Bioscience introduced
a CFTR 70 + 6 ASR. Signature has a panel of 46 muta-
tions that is in preparation to be submitted to the Food
and Drug Administration (FDA). The three platforms in
this study that include mutations beyond the ACMG panel
of 23 mutations require running of all mutations in the
panel, ie, specific mutation exclusion is not possible dur-
ing the run, and only InPlex allows masking of results to
facilitate evaluation limited to the ACMG 23 mutations.

The ACMG/ACOG panel is panethnic yet primarily
based on mutation frequencies in non-Hispanic Cauca-
sian populations and Ashkenazi Jewish population be-
cause of high frequency of the disease and availability of
mutation data.® Depending on mutation frequencies of
the populations serviced by a particular laboratory, con-
sideration of target mutations may be a determining point
in panel selection. Determination of the appropriate test
panel may be challenging because of admixture among
ethnic groups, inaccurate self-reporting of ethnicity, and
extreme heterogeneity of the US population.®

The InPlex, OLA, and Tag-It platforms used in this
study contain 1148T and 1078delT, which are no longer
recommended by ACMG for inclusion in a CF carrier
screening panel.” After completion of this study these
variants were removed from the Tag-It panel (which has
since been FDA-cleared). Abbott dropped [148T from
their OLA panel that has been submitted for FDA clear-
ance. Third Wave Technologies removed [148T and
1078delT from their panel in preparation for FDA regula-
tory submission. Questions have arisen as to the clinical
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relevance of two additional mutations, D1270N and
D1152H, present in the InPlex panel. Recent publications
suggest that D1152H is pathogenic in respect to CF
whereas D1270N may not be a causative factor of CF by
itself.2°722 D1270N has been removed from the InPlex
panel for FDA submission.

Reflex testing varied significantly throughout the plat-
forms evaluated. Two platforms, OLA and Signature, re-
quired poly-T reflex testing be performed on a separate
run, ie, the software did not have masking capabilities.
eSensor does not reflex for AF508 variants. The manu-
facturers assert the polymorphisms do not interfere with
genotyping. For the same reason, InPlex does not reflex
for 1506V or 1507V. Probes for F508C are included in the
initial InPlex run with the result masked in the absence of
AF508.

All platforms performed well with DNA extracted using
either of the methods used in this study, ie, MagNa Pure
LLC DNA Isolation Kit 1 and Gentra Generation capture
column kit. Although we did not test blood spots, all
platform manufacturers except Osmetech Molecular Di-
agnostics (eSensor) state DNA extracted from blood
spots is compatible with their platform. In addition, a
recent report summarizing the use of DNA from buccal
cells for genotyping suggests that this source of DNA
might be a reliable replacement for the analysis of leuko-
cytes for the exclusion of CF in children.?® Information
supplied by the manufacturers of the platforms we tested
indicate that DNA extracted from buccal swabs has been
successfully used with InPlex, Signature, and OLA and
has not been fully tested on Tag-It CF or eSensor plat-
forms. As to tolerance of input DNA range (ng), all plat-
forms, except OLA, have a wide window of acceptability
(Table 2). Although OLA has a narrow range, 1to 15 ng,
in this study we did not quantitate the DNA after extrac-
tion and still successfully ran the protocol based on ex-
pected DNA extraction concentrations.

The signal-to-noise ratio was not easily compared from
platform to platform because of differences in technol-
ogy, methods of signal calculations and manufacturers’
definitions of noise. Only Signature and Tag-It, the two
liquid bead array assays, provided a signal-to-noise ratio
value (Table 2). Tag-lt demonstrated a very stringent
signal to noise ratio.

In consideration of hands-on time and total processing
time of each assay, we found the InPlex platform required
less than 1 hour and 3.5 to 4 hours, respectively, the least
time in both categories of all platforms tested. Throughout
the study, MJ PTC-200 thermal cylers were used. After
completion of this study, we found that the use of an
Eppendorf Mastercycler EP S (Hamburg, Germany) does
reduce the start-to-finish time for those assays requiring
long or multiple amplification steps. We found the
hands-on time determined in this study is a reflection of
the complexity of the protocol in the case of Tag-It and for
eSensor is attributable to the manual manipulations, eg,
dual biochips are required for each sample. Krafft and
Lichy'? recently reported a time-motion analysis study of
six CF mutation detection systems, including two re-
ported in this study (Tag-It and OLA) as well as the
Invader plate system that preceded the InPlex card stud-

ied here. Their resulting labor and total assay times are
comparable with results reported here.

As shown in Table 2, all five platforms require instru-
mentation specific to the detection system, ie, in addition
to common laboratory equipment such as a thermal cy-
cler, hybridization oven, and centrifuge. Although instru-
mentation for four of the platforms is commonly used for
detection of mutations in addition to CF, the eSensor is
currently used solely for CF testing. The OLA, Signature,
and Tag-It platforms are considered to be open platforms
allowing for custom test development. Currently, Tag-It
and eSensor are FDA-cleared. eSensor is cleared for
carrier testing only. Abbott/Celera and Third Wave have
completed FDA submissions for their OLA and InPlex
products, respectively, whereas Asuragen is actively pur-
suing a regulatory submission for their expanded Signa-
ture panel.

Because pricing of reagents is determined by both the
number of tests contracted to be run (including required
controls/run) and by the contracted purchase of combi-
nations of multiple test reagents, ie, the number of differ-
ent test reagents/instrumentation purchased from the
same company, calculating actual costs of reagents/
patient sample for informational purposes is approximate
at best. Here, we estimated the following costs of re-
agents/patient sample using a capital purchase of equip-
ment model, no discounts for multikit types being run in
the laboratory, and ~250 samples run per year: InPlex,
$39.00; OLA, $64.00; Tag-It, $50.00; Signature, $45.00.
Osmetech offers the eSensor 4800 and related reagents
as a reagent rental agreement only with the reagent costs
being between $65 to $100, depending on volume of
tests. A second cost consideration is instrumentation.
Future direction of the laboratory may dictate how instru-
ments are acquired, eg, direct purchase or lease. Pur-
chasing an instrument specific to a platform may finan-
cially lock the laboratory into using that platform for a
period of time that may extend beyond its usefulness. An
estimate of direct purchase instrumentation costs (ex-
cluding common laboratory equipment such as thermal
cyclers, centrifuges, and hybridization ovens) is as fol-
lows: InPlex (fluorometer, card bucket and clips, card
sealer) $12,900; OLA (ABI Prism 3100/3130 genetic an-
alyzer, 16 capillary), $100,000 to $145,000; Tag-It (Lumi-
nex 100xMAP System), $45,000; and Signature (Luminex
100xMAP System), $45,000; eSensor is not offered as a
direct purchase. With the exception of the eSensor 4800,
all of these instruments are used for multiple platforms.
An additional significant arm of cost calculation is the
required technician time. Hands-on technician time is
shown in Table 2. Costs of test/patient sample, estimated
above, may be reduced with consideration of purchase
models, ie, reagent rental versus capital purchase agree-
ments. In addition, test volume and the menu of tests run
from the same manufacturer influence reagent cost
quotes. All approximate costs of reagents and instrumen-
tation given above are specific to our institution and valid
as of the writing of this article and are intended to be used
for ballpark comparison purposes only.

Availability of mutation-positive controls is a consider-
ation for all clinical assays. None of the ASRs or in vitro



diagnostic tests evaluated in this study includes positive
controls. Both DNA and cell line controls for all 23 of the
ACMG mutations are available from National Institute of
General Medical Sciences Human Genetic Cell Reposi-
tory (http.//locus.umdnj.edu/nigms/). In addition, positive
CF controls are available commercially. Aytay and col-
leagues® reported the compatibility of Optiqual CF mu-
tation controls (Acrometrix, Benicio, CA) with several CF
mutation detection systems including three (Tag-It, OLA,
and Signature) evaluated in this study. These synthetic
CFTR mutation controls include the 23 ACMG mutations
plus five additional mutations. Molecular Controls (Sa-
cred Heart Medical Center, Spokane, WA) offers another
synthetic oligonucleotide mixture that has been validated
with both the OLA and Tag-It platforms and has applica-
tions to other platforms as well. Maine Molecular Quality
Controls, Inc. (Scarborough, ME) offers a recently FDA-
cleared source of stabilized synthetic nucleic acids
CFTR-positive control. This control is designed to mimic
whole blood and to be used to assess the performance of
the extraction, amplification, and detection protocols for
CF. It monitors the presence of the ACMG 23 mutations
plus 15 additional mutations and has been validated for
OLA, Signature, Tag-lt, and eSensor and several other
platforms not included in this study. Collaboration with
Third Wave regarding validation of this control with InPlex
is in progress. This brief description of mutation-positive
controls is not intended to be exhaustive, rather to illus-
trate the commercial variety of choices available to
laboratories.

In summary, a prudent choice of a CFTR mutation
detection system depends on many parameters, some of
which were discussed above. Evaluation of these factors
provided valuable information regarding the selection of
the CF platform most appropriate for our small academic/
hospital clinical laboratory.
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